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Summary
Rationale: Superimposition of the rims of the medial tibial plateau to within 1 mm is an aim of ﬂuoroscopic knee positioning protocols for
osteoarthritic (OA) knee radiography and has also been proposed as a measure of quality for non-ﬂuoroscopic methods.
Objective: To evaluate the effect of tibial rim alignment (TRA) on reproducibility of joint space width (JSW) measurement, both were measured
from radiographs taken with each tibial plateau at a range of angles determined by different non-ﬂuoroscopic views.
Methods: TRA and JSW measurements were taken from both knees of 100 OA patients each radiographed in fully extended, schuss/tunnel,
and MTP views. Degree of TRA was compared with JSW reproducibility using correlation, and between groups deﬁned both by the 1 mm
threshold and by TRA-deﬁned quartiles.
Results: JSW reproducibility was dependent on the degree of TRA in the fully extended and schuss/tunnel ﬂexed knee views, although the
use of the speciﬁc TRA threshold of 1 mm was not supported. In the MTP view, JSW measurement was found to be highly reproducible across
the full range of TRA values.
Conclusion: These results contradict claims that TRA to within 1 mm is essential for useful measurement of JSW. It is an arbitrary threshold, of
use in quality control (QC) for protocols which explicitly require such alignment, and the choice of QC criteria for other protocols should be
evaluated on a view-by-view basis. The results conﬁrm previous studies showing the MTP view to afford highly reproducible JSW
measurement.
ª 2005 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Assessment of medial tibiofemoral joint space width (JSW)
from weightbearing anteroposterior (AP) or posteroanterior
(PA) knee X-rays, as a surrogate for cartilage destruction1,
remains the most sensitive, accurate, and practical method
for monitoring the progress of osteoarthritis (OA)2,3. The
reproducibility and clinical relevance of such measurements
is highly dependent on the technique used to reposition the
knee for radiography4,5.
Fluoroscopic methods are able to achieve the desired
levels of reproducibility by directly controlling the appear-
ance of the radiographic image6, and have been shown to
be able to detect disease progression7. In recent years,
there has been a move towards non-ﬂuoroscopic positioning
because it requires less expensive radiographic equipment
and training of personnel5,8. These non-ﬂuoroscopic meth-
ods have been evaluated by looking at the reproducibility
and sensitivity to change of the resulting JSW measure-
ments, and also by looking at the appearance of the tibial
plateau in the compartment being measured9e13.
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the medial tibial plateau is typically that of three roughly
horizontal lines corresponding to the ﬂoor of the plateau and
the anterior and posterior parts of its rim9. In measuring
JSW, it is the line corresponding to the ﬂoor of the plateau
that provides the tibial landmark for measurement (Fig. 1). It
is therefore essential that the ﬂoor is close to being parallel
to the direction of X-ray projection through it, in order for
such a line to be produced in the radiographic image. In
contrast, the convex shape of the femur guarantees the
existence of the edge line which serves as the other
landmark for JSW measurement (Figs. 1 and 2).
The concept of aligning the images of the posterior and
anterior rims of the medial tibial plateau (R1 and R2 in
Fig. 1) was introduced as a way of achieving the horizontal
plateau speciﬁed by the protocol for ﬂuoroscopic semi-
ﬂexed positioning of the knee6. Superimposition of these
lines to within 1 mm was subsequently published as
a radiographic quality control (QC) criterion for clinical trials
using the technique14,15.
The use of this 1 mm threshold has since been proposed
as an indicator of sensitivity to longitudinal change in JSW
for other radiographic protocols both ﬂuoroscopic (Lyon
schuss and fully extended views16,17) and non-ﬂuoroscopic
(fully extended10 and MTP views11,13). In the ﬂuoroscopic
techniques, close alignment of the tibial rim lines is the
explicit aim of ﬂuoroscopy, and so the applicability of such5
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scopic techniques were not designed with the intention of
exactly reproducing the view of a ﬂuoroscopic method, the
relevance of this ‘‘1 mm criterion’’ to non-ﬂuoroscopic views
is less clear. The aim of this paper is to examine whether
there are grounds for using it as an indicator of radiographic
quality in such views by examining the effect of tibial rim
alignment (TRA) on short-term reproducibility of JSW
measurement.
The hypothesis that the 1 mm criterion for TRA is a valid
QC criterion for non-ﬂuoroscopic knee radiography is
examined in this paper by comparing continuous TRA
values obtained using a new computerised method of
measurement with computerised minimum JSW measure-
ments. Measurements were obtained from the ﬁlms taken
for a previous study, which was unusual in that the knees of
a group of OA patients were each radiographed using three
Fig. 1. Diagram of the typical AP radiographic appearance of the
medial compartment of the knee, showing the lines representing
the femoral condyle (FC), the tibial plateau (TF), and the anterior
and posterior rims of the tibial plateau (R1 & R2). Note that which of
R1 and R2 is anterior/posterior cannot always be ascertained from
such a projection. The circles on FC and TF show the points
between which the minimum JSW was measured. The squares on
R1, R2, and TF show the points used for measurement of TRA.
Fig. 2. Diagram of the lateral view of AP radiographic projections
through the knee, in semi-ﬂexed (A) and fully extended (B)
positions. The arrows show the anatomical structures that create
the radiographic features used for measurement of JSW and TRA.
In the semi-ﬂexed view (A) the tibial ﬂoor is close to being
horizontal, so as to create three distinct tibial lines. This
corresponds to the radiographic appearance shown in Figs. 1
and 3(B). In the fully extended view, the tibial ﬂoor can be tilted to
the degree shown in (B), where the radiographic projection of that
ﬂoor can become superimposed on that of the posterior rim [see
also Fig. 3(C)]. If the tibial ﬂoor is tilted even further, this combined
line may become totally indistinct [see Fig. 3(D)]. Because of the
convex shape of the femoral condyle, the radiographic appearance
of its edge is not dependent on the knee position.different non-ﬂuoroscopic protocols, providing three differ-
ent tibial angles9. Thus, the appropriateness of the 1 mm
criterion in assessing the quality of radiographs taken using
these protocols could be investigated with regard to its
effect on JSW reproducibility.
Patients and methods
PATIENTS AND KNEES
One hundred patients with knee pain and radiographic
signs of OA (joint space narrowing and/or osteophytosis)
were recruited to the study through a screening program for
the disease in Wichita, Kansas. The 74 women and 26 men
had a mean age of 66.1 (64.1, 68.1) years, a mean body
mass index (BMI) of 29.3 (28.1, 30.5) kg/m, and a median
disease duration of 10.1 (8.0, 12.1) years. All parenthesised
intervals are 95% conﬁdence intervals (CI).
Knees with lateral compartment disease, if identiﬁed as
such by the rheumatologist (FW) from any of the study
radiographs, were also excluded because of the different
characteristics of that disease compared to the more
common medial compartment version which lead to their
normal exclusion from clinical trials18,19, including the fact
that JSW measurement has been shown to be more
variable in the medial compartments of knees with lateral
compartment disease20,21. Additionally, radiographs in
which the JSW was found to be zero (bone-on-bone) were
omitted, because their lack of further progression makes
them unsuitable for clinical trials of OA therapies and
because precise measurement of JSW and TRA from such
knees was not possible. These omissions were made on
a view-wise basis in order that the study radiographs would
represent, as far as possible, those which would be used in
practice in a clinical trial.
RADIOGRAPHIC METHOD
Both knees of each of the patients were radiographed
twice on the same day and within a 2 h time interval, using
each of three positioning protocols. All three protocols
produced bilateral views using a ﬁlm to focus distance of
100 cm and a vertical ﬁlm cassette holder. In all three, the
patients stood with the weight distributed equally on both
feet; the central X-ray beam was directed halfway between
the centres of the two knee joints; and a foot map was
created on the ﬁrst visit to facilitate repositioning. The three
views differed as follows:
‘‘AP’’ was the AP fully extended view, with the feet
together and the posterior surfaces of both knees placed
as close as possible to the ﬁlm cassette to minimise
radiographic magniﬁcation and associated penumbral
blurring22.
‘‘MTP’’ or metatarsophalangeal view was a PA semi-
ﬂexed view in which ﬂexion of approximately 7e10( was
achieved by aligning the ﬁrst metatarsophalangeal joints
vertically below the front edge of the ﬁlm cassette, with the
feet externally rotated to about 15(, and having
the patient bend their knees until the anterior surface of
the knees touched the middle of the front of the ﬁlm
cassette9.
‘‘P20’’ was a schuss/tunnel type PA view in which the
fronts of the big toes were aligned with the front edge of
the ﬁlm cassette, with the feet externally rotated to about
15(. In this view, bending the knees until the anterior
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cassette produced a ﬂexion angle of about 20(, and the
X-ray beam, which was horizontal in the other two views,
was instead angled downwards at 5(22. This view should
not be confused with the Lyon schuss view16,17 or its non-
ﬂuoroscopic counterpart the ﬁxed-ﬂexion view26.
The MTP view was at the time of radiography a new view
designed as a non-ﬂuoroscopic counterpart to the ﬂuoro-
scopic semi-ﬂexed view. The other two views were chosen,
from those which had been published and recommended at
that time22, so that one would provide a greater and one
a lesser tibial angle.
The ﬁlms were sent to London for analysis, where they
were digitised at an on-ﬁlm pixel size of 0.1 mm. The
images were then transferred to a workstation for compu-
terised measurement of JSW and TRA.
METHOD OF JSW MEASUREMENT
Minimum medial compartment JSW was measured
between the radiographic lines representing the tibial
plateau ﬂoor and the distal edge of the femoral condyle
(TF and FC in Fig. 1). A semi-automated computerised
system was used in which user-deﬁned femoral and tibial
seed points were joined by an automated edge-tracing
algorithm and the minimum JSW selected from JSW
measurements obtained all the way across the compart-
ment6,9,21. The circles in Fig. 1 represent typical locations of
the tibial and femoral landmarks for JSW measurement.
The median coefﬁcient of variation (CV) for JSW measure-
ment from repeat radiograph pairs was found to be 3.72%
for AP, 2.31% for P20, and 1.58% for MTP radiographs.
MTP view JSW measurement was statistically signiﬁcantly
more reproducible than each of the other two views, at the
0.02 level (Wilcoxon), but there was no such difference
between the AP and P20 views9.
METHOD OF MEASUREMENT OF TRA
TRA was measured by one operator (RJW) using a new
computerised system in which the mouse was used to mark
three vertically aligned points corresponding to the ﬂoor of
the tibial plateau and each of its rims, central to the medial
compartment, as indicated by the squares in Fig. 1. The
computer then calculated the two tibial rim heights (the
distances between the point marked on the tibial ﬂoor and
each of the points marked on the tibial rims) and the
difference between these heights was deﬁned to be the TRA
measurement for that radiograph. This method was very
similar to a previous digitising tablet method9 but had the
advantages of allowing the user to alter the size and contrast
of the image so as to optimise the visibility of the landmarks
in question. It also allowed the operator to measure the
images in repeat radiograph pairs so as to enhance the
consistency of decision-making in difﬁcult cases where one
or both tibial rims were hard to identify. Examples of such
‘‘difﬁcult cases’’ are shown in Fig. 3(C) and particularly
Fig. 3(D), where they can be compared with easier to
measure perfect [Fig. 3(A)] and near-perfect [Fig. 3(B)]
examples of TRA. The operator remained blinded to study
number, sequence, and knee view. An additional advantage
of the computerised method was the fact that the scaling and
windowing of the on-screen image enabled the operator to
view the region of the tibial plateau without an overall view ofthe radiograph, thus minimising the extent to which the
evaluation might be subconsciously unblinded with respect
to knee view.
The median standard deviation (SD) (95% CI) of re-
peated paired TRA measurement from 20 randomly
selected knees, measured four times each, was 0.14 mm
(0.13, 0.21), the coefﬁcient of variation being 6.7%. There
was no statistically signiﬁcant difference between knee
views. When the same ﬁlms were measured in strict
isolation, the equivalent median SD was 0.24 mm (0.15,
0.33), a CV of 10.4%. This demonstrates the importance of
measuring images in pairs so as to ensure the consistency
of decision-making in identiﬁcation of landmarks.
DATA ANALYSIS
For each knee in each of the three positions, the mean
and SD of the TRA values from each of the two ﬁlms were
calculated and used to represent degree and reproducibil-
ity of TRA measurement. The SD of the two JSW
values was used to represent the reproducibility of JSW
measurement.
For each knee view, the frequency with which knees
satisﬁed the 1 mm threshold for TRA was calculated, and
the difference between JSW reproducibilities in the knee
subgroups deﬁned by this criterion was analysed; a ﬁlm pair
being deﬁned as satisfying the threshold if and only if the
mean of their two JSW measurements did so. In order to
compensate for different numbers of knees satisfying this
threshold in the different knee views, each set of ﬁlms was
also divided into four equal subgroups according to TRA-
based quartiles calculated independently for each view, and
the JSW reproducibilities in those quartiles were compared.
Neither SDs nor variances were found to be normally
distributed. Median SDs with 95% CIs were therefore used
to represent the reproducibilities, and non-parametric tests
used to compare them. Additionally, the Spearman corre-
lation coefﬁcient between JSW reproducibility and TRA
reproducibility values was calculated for each knee position.
Root mean square SDs (RMSSD) have been used
elsewhere to represent JSW reproducibility23e26 and these
methods have their merits. This paper continues our policy of
using the non-parametric method of representing reproducibil-
ityas themedianknee-wiseSD,because the intention isonly to
examine differences between reproducibilities of different
groups. Not only is this simpler when CIs can be generated
as they can for median SDs, but also the distributional
requirements of the equivalent parametric comparison tests
were not met. It is also worth noting that while RMSSD is
appropriate for estimating the reproducibility of repeated
measurements, in situations where that reproducibility is the
same for all subjects27, experienceof great variation in levels of
difﬁculty of measuring both JSWand TRA from different knees
teaches us that reproducibility is not consistent between
subjects in OA knee radiography. The median SDs used in
this paper should not be used as estimates of RMSSD.
Results
Out of the 200 knees radiographed, seven had implants
and were not measured. Twenty-two knees were excluded
prior to measurement because of lateral compartment
disease identiﬁed from any view. Bone-on-bone knee
exclusions, identiﬁed at the time of JSW measurement,
amounted to 16 knees in the AP view, 37 in the P20 view,
and 38 in the MTP view.
948 R. J. Ward et al.: Non-ﬂuoroscopic tibial rim alignment and joint space widthFig. 3. Examples of the radiographic appearance of the medial tibiofemoral compartment, exhibiting a range of tibial angles. A: Perfect TRA in
the ﬂuoroscopic semi-ﬂexed position. B: A non-ﬂuoroscopic semi-ﬂexed view in which the three tibial lines are visible and distinct [this
radiograph corresponds with Figs. 1 and 2(A)]. C: A fully extended view radiograph in which a single line is formed by the ﬂoor and posterior
rim of the tibial plateau [corresponding with Fig. 2(B)]. D: A fully extended view radiograph in which the tibial ﬂoor is tilted to such a degree that
it is impossible to reliably identify any of the landmarks for measurement of TRA. The lack of a clear line representing the tibial ﬂoor also
causes signiﬁcant problems for measurement of JSW.DEGREE AND REPRODUCIBILITY OF TRA
The degree of TRA in each knee was measured by the
mean of the TRA values from each pair of ﬁlms, the
distribution of which for each of the three knee views is
represented in Table I. As well as the median (50th centile)
TRA values, those for the other quarter centiles are also
shown. These values were later used to partition each knee
view’s set of radiographs into equally sized quartiles
according to TRA value (see below). The ﬁnal column of
Table I shows the reproducibility of TRA measurement in
each view. The degree of TRA was found to be largest in
the AP view and smallest in the MTP view. All knees for
each knee view were used to calculate the centiles, but only
knees that were eligible in both knee views were used for
the pairwise between-view comparisons. The reproducibility
of TRA was found to be better in the MTP view than in either
of the other two views, but there was no difference between
AP and P20 views (Table I).
THE 1 MM TRA THRESHOLD AND JSW REPRODUCIBILITY
The frequency with which the 1 mm TRA threshold was
satisﬁed by ﬁlm pairs in each of the knee views is shown in
Table II, together with the reproducibility of JSW measure-
ment in each view, subdivided according to whether or not
the mean TRA value was lower than the 1 mm threshold. In
accordance with the pattern of TRA size shown in Table I,
the 1 mm criterion was satisﬁed most frequently in the MTP
view and least frequently in the AP view, with the P20
frequency positioned in between. In the P20 view there wasa statistically signiﬁcant difference between the reproduc-
ibility of JSW measurement of knees satisfying the 1 mm
criterion compared with those not satisfying it. No such
difference was found in either the MTP view or the AP view,
although the latter result was inconclusive due to the very
small number of knees in the subgroup that did satisfy the
1 mm criterion, as indicated by the very large ﬁrst CI in row
1 of Table II.
CONTINUOUS TRA VALUES AND JSW REPRODUCIBILITY
There was a correlation between the degree of TRA and
the reproducibility of JSW measurement in the AP view
(Spearman’s rSZ 0.31, P! 0.005) and in the P20 view
(rSZ 0.43, P! 0.0001). There was, however, no correla-
tion between these variables in the MTP view (rSZ 0.06,
PZ 0.6).
For each knee view, the set of eligible knees was
partitioned into four equally sized subsets with increasing
degrees of TRA (using the intervals obtained from Table I),
and the JSW reproducibility for each of these subsets was
calculated. The median SDs of JSW measurement thus
calculated, with 95% CIs, are shown in Fig. 4, illustrating
that there was an effect of the degree of TRA on JSW
reproducibility in the AP and P20 views, where there is an
increase in SD of JSW measurement from left (small TRA
values) to right (large TRA values). There was no such
effect in the MTP view, where the reproducibility of JSW
measurement was small and consistent across the range of
TRA values.
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Degree and reproducibility of TRA for each knee view. Degree of TRA was larger in the AP view than in either of the other two views, and
larger in the P20 view than in the MTP view (Wilcoxon, P! 0.001). Reproducibility of TRA was better in the MTP view than in either of the
other two views (Wilcoxon, P! 0.001), but there was no difference between AP and P20 view reproducibilities
Knee view Degree of TRA; centiles (mm) Reproducibility of TRA (mm)
0th 25th Median (95% CI) 75th 100th Median SD (95% CI)
AP 0.07 2.64 3.76 (3.57, 4.17) 4.78 9.62 0.28 (0.23, 0.45)
P20 0.07 1.20 2.61 (1.93, 3.06) 3.63 8.15 0.38 (0.30, 0.43)
MTP 0.02 0.26 1.66 (1.19, 2.07) 2.97 5.40 0.17 (0.11, 0.28)
AP: fully extended AP knee view; MTP: MTP semi-ﬂexed view; P20: schuss/tunnel ﬂexed knee view.Discussion
TRA values for the MTP view were smaller than for either
of the other two views (Table I). This is a result of the fact
that this knee position was designed9 so as to position the
long axis of the tibia at an angle from the vertical similar to
the average angle between the tibial plateau and the
horizontal28.
TRA reproducibility was better in the MTP view than in
either of the other two views, but there was no difference
found between AP and P20 views (Table I). The good short-
term reproducibility of tibial angle in the MTP view is
supported by other studies11,13. Its long-term reproducibility
has been questioned12, but using a slightly different method
in which the location of measurement was at the site of
minimumJSW rather than at the centre of the joint, and hence
liable to change over time due to longitudinal changes in the
joint space. The same study12 also questioned the sensitivity
of the MTP view to changes in JSW compared with the
ﬂuoroscopic semi-ﬂexed view, but used a manual method of
JSW measurement in the MTP view, compared to a consid-
erably more reproducible4 automated method in the semi-
ﬂexed view. A large multi-centre longitudinal study using our
methods has conﬁrmed both the long-term reproducibility of
TRA in theMTPviewaswell as its ability to detect longitudinal
change in JSW29, although its performance was not
compared directly with that of another method.
As a result of lower TRA values in the MTP view, that
view’s radiographs satisﬁed the 1 mm criterion more
frequently than the other two views (Table II). The MTP
frequency of 35% was similar to that of 29% obtained in two
studies by Mazzuca et al.11,12, using an adaptation of
Lequesne’s caliper method of JSW measurement30. Dupuis
et al.13 reported a higher ﬁgure of 50%, which may have
been caused by the use of a more markedly different
method of TRA measurement. Although not reported, it
seems likely that this method included the application of
a correction for radiographic magniﬁcation, which is not
normally applied to MTP view radiographs and which would
produce smaller TRA values.The hypothesis that applying the 1 mm TRA criterion
produces better reproducibility of JSW measurement was
not supported for the MTP view (Table II). Furthermore,
there is every reason to suppose that there is no such
threshold applicable to that view, since JSW reproducibility
did not correlate with degree of TRA, and since the MTP
view radiographs exhibited consistently good JSW re-
producibility across the full range of TRA values (Fig. 4).
This ﬁnding is in line with previous studies that have found
no such association in the MTP view11,13,29.
No comparable studies have been performed to in-
vestigate the effect of TRA on JSW reproducibility in the AP
or P20 views prior to this study. The hypothesis that
applying the 1 mm TRA criterion produces better reproduc-
ibility of JSW measurement was supported in these views,
by the correlation between these values and by the ﬁgures
shown in Table II and Fig. 4. However, the speciﬁc TRA
value of 1 mm is not necessarily the best point at which to
set such a QC criterion in all views. For example, Fig. 4
shows that JSW reproducibility from P20 view radiographs
in the second TRA quartile (values of TRA between 1.20
and 2.61 mm, see Table I) was not signiﬁcantly worse than
that from radiographs in the ﬁrst TRA quartile (values less
than 1.20 mm). It should be noted that the introduction of
the speciﬁc threshold of 1 mm as a quality criterion for the
ﬂuoroscopic semi-ﬂexed knee view was somewhat arbi-
trary. The intention was merely to help ensure that radio-
graphs were taken in accordance with that protocol, in
which successful positioning is expected to produce tibial
rims that are aligned as well as possible in the centre of the
medial compartment, not simply to within 1 mm6.
Possible reasons for the superiority of the MTP view over
the other two views studied include the fact that the
positioning protocol is more stable since the knees are in
contact with the ﬁlm cassette, and there is no manipulation
of the X-ray beam. In addition there is the fact that a semi-
ﬂexed position brings into contact the convex and concave
surfaces of femur and tibia, respectively5. In such a position,
small changes in the angles of the bones are less likely to
have a large effect on the appearance of the joint space.Table II
JSW reproducibility (mm) in each of the three knee views, for subsets of knees defined by whether or not the 1 mm criterion for degree of TRA
was satisfied. The difference between such subsets’ JSW reproducibilities was significant only in the P20 view (KruskaleWallis, P! 0.0001)
Knee view 1 mm criterion satisﬁed 1 mm criterion not satisﬁed
N Median JSW SD (95% CI) (mm) N Median JSW SD (95% CI) (mm)
AP 7 (7%) 0.16 (0.02, 0.55) 100 (93%) 0.21 (0.15, 0.27)
P20 15 (16%) 0.06 (0.03, 0.09) 78 (84%) 0.13 (0.11, 0.18)
MTP 32 (35%) 0.08 (0.06, 0.11) 60 (65%) 0.09 (0.07, 0.12)
AP: fully extended AP knee view; MTP: MTP semi-ﬂexed view; P20: schuss/tunnel ﬂexed knee view.
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whether ﬂuoroscopically assisted or not. By contrast, in the
fully extended position the femoral condyle has a tendency
to rest forward on the anterior rim of the tibial plateau5 and so
for simple geometrical reasons small changes in position are
more likely to widen or narrow the joint space. This may be
one of the factors leading to the poor performance of the AP
view with respect to JSW reproducibility, even in knees with
good tibial alignment (Table II).
The fact that there can be a relationship between TRA
and JSW reproducibility has to a certain extent been
conﬁrmed in studies of ﬂuoroscopic views14,16. Such
a relationship is, however, to be expected when using such
methods, for which the 1 mm threshold is an explicit QC
criterion and thus failing to meet it is a de facto indicator of
poor radiographic technique. This highlights a signiﬁcant
advantage of ﬂuoroscopic methods in that they enable QC
to be achieved by inspection of individual radiographs. This
is not possible with non-ﬂuoroscopic methods due to
individual variations in the angle between the tibial plateau
and the long axis of the tibia28,31. This advantage does not
appear to lead necessarily to better reproducibility of JSW
measurement. While there has to date been no direct
comparison of the MTP and ﬂuoroscopic semi-ﬂexed views
with respect to JSW reproducibility, the reproducibility
afforded by the MTP view has been shown to be
comparable to that of its ﬂuoroscopic counterpart11,29. The
equivalent conclusion has also been reached in a direct
comparison between the ﬁxed-ﬂexion view and its ﬂuoro-
scopic counterpart26.
In addition to its use as a QC criterion for correct following
of radiographic protocol, there are three other potential
beneﬁts of the 1 mm criterion for TRA. First, it ensures that
the tibial ﬂoor is visible in the X-ray, which is required for the
task of JSW measurement [see above, and Fig. 3(D)].
Second, it helps to reduce the effect of parallax error in JSW
measurement, which happens when the three-dimensional
locations corresponding to the radiographic JSW measure-
ment landmarks are not vertically aligned5. Third, it helps to
ensure that the knee is radiographed in a functional load-
bearing position, where the weight is transmitted through an
area of cartilage which might be expected to experience
Fig. 4. Reproducibility of JSW measurement, represented as
median SD calculated for subsets of knees deﬁned by the TRA
quartiles shown in Table I. TRA quartiles and JSW measurements
SDs were calculated and are shown separately for: ,, AP fully
extended view; B, P20 schuss/tunnel view, and 6, MTP semi-
ﬂexed view. The dashed lines join the four data points for each
knee view, to highlight the different trends. Error bars are 95% CIs.normal day-to-day loading and hence disease-related
change5. All these beneﬁts can, however, be obtained by
any knee view which produces a small degree of ﬂexion
such that the knee is positioned somewhere in the range of
angles between the fully extended position, where the
femur rolls forward to rest on less affected cartilage on the
anterior rim of the tibial plateau, and a more ﬂexed position
where the femur rolls back to rest on less affected cartilage
toward the posterior of the joint5. The ﬂuoroscopic semi-
ﬂexed view achieved this by choosing for each knee
a speciﬁc angle within that range: that at which the rims
were as well-aligned as possible. However, as long as the
knee is positioned within the range of ﬂexions described
above, there is no reason to suppose that there is
something special about that precise angle, and so non-
ﬂuoroscopic views should not be subject to such a speciﬁc
requirement. The MTP view and the ﬁxed-ﬂexion view26,
which produces a very similar radiographic appearance5,
both position the knee in the small but deﬁnite degree of
ﬂexion required for practical, reproducible and functionally
relevant JSW measurement.
As a result of the use of the radiographic alignment of the
tibial rims in ﬂuoroscopic knee positioning, this alignment
came in effect to deﬁne the term ‘horizontal’ as applied to
tibial plateaux in the literature, as if tibial plateaux were all
simple saucer-shaped objects as shown in Figs. 1 and 2.
This assumption was, however, undermined by Iwaki
et al.’s32 analysis of the shapes of the tibial plateaux of
cadaver knees. They found that, rather than a ‘‘scoop’’
shape with raised rims at the anterior and posterior edges,
the medial tibial plateau is better modelled as two planar
surfaces, one in the anterior part of the compartment which
they called the ‘‘extension facet’’ and one in the posterior
part of the compartment which they called the ‘‘ﬂexion
facet’’, and with an average angle of 11( between them. In
ﬂexion, the body weight is transferred through the femoral
condyle and the ﬂexion facet of the tibia. It could be,
therefore, that if there is a tibial angle which is in some sense
‘‘ideal’’ for JSW measurement, it is the angle at which the
ﬂexion facet is horizontal. It is not clear how such a position
would affect the relative heights of the anterior and posterior
plateau rims, or whether it would produce a characteristic
radiographic appearance of the proximal tibia.
Regardless of whether one deﬁnes it in terms of the
heights of its rims or in terms of the orientation of the ﬂexion
facet, the angle between the tibial plateau and the long axis
of the tibia will vary between individuals28,31,32. As a result,
the position of the knee which produces maximal TRA has
been found to vary also; in some knees it is even achieved
in the fully extended position9,33. It follows also that the
angle between the tibial plateau and the vertical when the
knee is in its normal maximal load-bearing position also
varies, and so a universal deﬁnition of such a position by
reference to a speciﬁc tibial plateau angle is not justiﬁed.
We make no direct claims regarding the effect of tibial
angle on sensitivity to change in JSW over time, since
longitudinal data were not available. Several studies, using
a variety of knee views, have concluded that satisfying the
1 mm criterion is associated with such sensitivity10,16,17.
However, they did so by implicitly assuming the validity of
the 1 mm criterion by applying it to pairs of ﬁlms, classifying
a pair of repeat radiographs as ‘‘satisfactory’’ only if both
ﬁlms satisﬁed the 1 mm criterion individually. The resulting
division of ﬁlm pairs will have divided knees along the lines
of the reproducibility of repositioning, as well as along the
lines of tibial plateau angle, since all ﬁlm pairs whose tibial
angles were markedly different, which must indicate poor
951Osteoarthritis and Cartilage Vol. 13, No. 11repositioning in any knee view, will have ended up in the
‘‘unsatisfactory’’ category. Thus, the method would also
have shown a difference between ‘‘satisfactory’’ and ‘‘un-
satisfactory’’ ﬁlm pairs if an alternative hypothesis were true:
that the reproducibility of JSWmeasurement was dependent
only on the reproducibility of tibial plateau alignment (rather
than on its being within the 1 mm threshold).
The differing relationships between TRA and JSW
reproducibility in different knee views found in this study
suggest that results from studies using one view should not
lead us to conclusions regarding the use of other views. All
knee views should be judged by their ability to produce
reproducible JSW measurements, to detect change in JSW
over time, and to produce serial X-rays that appear similar
to each other, but not by their ability to produce a speciﬁc
radiographic appearance of the tibial plateau, except in the
case of ﬂuoroscopic views for which such an appearance is
an explicit protocol requirement. For the MTP view in
particular (and probably for the similar ﬁxed-ﬂexion view),
the precise angle of the medial tibia plateau does not
appear to be a signiﬁcant factor with regard to quality of
JSW measurement. In the MTP view, this angle is both
sufﬁciently reproducible in repeated examinations and close
enough to being parallel to the central X-ray beam, to
provide a useful measure of change in JSW.
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